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much more rapidly than the signal de lay n explained as active species qu chin& by majority
pa~ka'ged circuits. As a consequence of this he carriers.
packagincf delay times have had to be red ced (1TUu t/l .c i Tcno. B (97

pacaing de icha mans t ho be implatere 1436. (2)J.Takahashi e al., Extended Abst~racts
pacagig dnsiy hs hd t beimpemeted1988 Int. Conf. Solid State \Devices & Mat. p.73.

A novel planar packaging technique, used in the
new SIEM.ENS main frame computer 7500 H 90 has B6.4
led to considerable progress in solvi g this EXCIMER LASER-ASSISTED ETCHING OF SILICON USING CHLORO-
problem. An essential part of this sys em is a PENTAFLUOROETHANE. 1- 0- Russell. and D. A. Sexton,
multi -chip-module which can hold up to 144 bare Solid State Electronics Division. Naval. Ocean Systems Center,
chips. The carrier of these IC' is 16-layer San Diego, CA.
high density multilayer printed cir it board,
which is fabricated in a sequential p ocess. Laser-assisted phocothermal chemical reactions have been

observed with silicon in a chloropencafluoroethale ambient
Interlayer contacts are formed by 80 /um wide using a KrF* laser at 248 o. Etching occurs only if the
blind via-holes, which are generate by exci.mer- incident fluence exceeds the melt threshold (-0.75 J/cm2 ),
laser ablation of the dielectric The process anI i monitored by the change in silicon reflectance at 633
described in this paper shows th t it is pos- andi Above the ablation threshold (-2.2 J/cm2 ) increased
sible to produce blind via-holes ith an aspec surface roughness is observed. Etch rates -7 A./pulse have
ratio of about one in an extreme y reliable and been measured using both stylus profilometer and SM cross-
reproducible way, sectional techniques. The etch rate dependence on incident

fluence, ambient pressure, doping concentration, crystal
This process is already being uccessfully run orientation and substrate temperature will be presenzed.
on a production line. It is t our best know- Th1is process allows singie sr-ep patLcning of silicon de ces
ledge th'e f i-:.zt tiXIte exciLmer lasers have been in a non-corrosive environment.
used or. a large-scale in an d custrial envirn:
nsent.
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B6. 2 LOCA LAER-ASISTED ETCING OF COPE aLs By

v A R-INlU D FACIIING 01; FIRSTPRON rR'VIO CLRNE S NG RAMA' N SPECR SCPFOinsuL
NI~~rA AA SI. ua Tana and higP erm-n. Department of ,pplied

Geoge\W ynallIB Aladn RsecbCro,65 nRodSa Physics and the\Microelectronics Sciences Laboratonies. Columsbia
Jo~.. CA9512. /University, Ne% York. NY.

A qart. cysal icrbaanc (QM)his becrX used to study the Krl" (249 Etching of cop er films on glass was studied by localized laser substrate
qu) atz ncre eticrblncef i (Cr./) Nl n ub boie h heating (4880 A)in te presence of chlorine ga. The sponstaneous

nns laer-ndued tchng f T, r 4
e, il nd u b hrrnie. hC reaction of Cu with ci*orine at room temperature frsfilm [1], which

experiment consists of focusing the puts d nutp of an exeimer laser at normal was identified to be Ci Cl by Ramnan spcoscopyoat 7 Iif the chMine
incdroe ntothesufac ofa uarz salto ed it th tansition metal, is then evacuatcd, laser 1 eating cx'- remove this CuCI M !oCzly, dowr-to

Absolute etch rate,. are determined fro the eb ge in te resonant frequency termiigcpe ix.I nta hoiei rs drn ae
of te QM oer imeEac oftheriskssu~d an e eche bybroine heating, a bump is forme . In producing this featu the CuCl layer and

at la~zr fluenctcr significantly below lihose required for ablation of the pure .,ome of the underlyng Cu'(ul ar-cnved to C 12, as identified b-y in
metal. The dcpendcec of thetc ito brormine pressure and laser fluence 1L Raman analysis at Toonlitcrnperatce After" oval of the chlorine,
was measured to tilucidatt the et Vng mecharisnis. The details of these etched CuClICu'regions art formed wihmc'n ension patterns aftcr
etchi-ng mechanisms will be discuss . usqeti~n ae enof thee ea or~ z-xL.J rinsing in

solvents.
B6. 3

This work was supported by the 1ce of, val Research andEB M.
PHOTOCHEMICAL AREA-SEL CTIVE ETCHING OF Si AND
'I0 USING SYNCHROTRON ADIATION.[1 .sslannTICugS ci17,3(98)

It"-"i T1~has', Y jhi Utsumi, and Tsuneo lW.esmaadT.hugS ci2.,(I8)
Ur-isu. NTT 1-51 Labo stories. Kanagawa. Japan.

B6.6

Material select IV ty and the surface reaction SELECTIVE TUNGSTEN CVD A-S!:H BY PULSED UV
scheme in the etch ng reaction are important_ LASER MODIFICATION OF T TIVE OX:DE. Arthur T.
factors for c trollable rea-selectiveHoeK.V edDri W nshadJffT
processing. We hay already report~d [1.23 that Toe .V ednloy DParr A1moWnco aend oleogT
photo0chemical etchin using synchrotron radiation Niccun. Tcnlg Dii mco Tcnlg
(SR) presents uniq e material seleittivity. and Company, P0 Box 400, Nape.. ille IL 60566; and
that the surface eact ion can be xpesed as Gerry W. Zajac, alvtica Division, Amoco
photo-stimulated reactive desor Pt on. Th is Corporation, P0 Box 00, Nape-. ille IL 60566.
report discusses n some detail th mehanism
involved in SR-st mulated area-sele tive etching L.aser patterning pr cesses whic use comparatively

ofS ad502 uig SF6 gas. in n
of i nd i0 us 6low laser inten i4ties are f interest for

Photon energy dependence of SiG (thermal applications re I ring masks, or involving
oxide) etching wa studied to examine hat kind of thermally sensitive devices. We ave studied such
surface photo-exc tat ion was dominant. Excitation a process i v ving the indi ct control of
wavelength rang was selected by chan ing SR beam tungsten che. i 1 vapor deposi ti n oTa-iheb
incident angles to Pt plane mirrors i the beam laser modific to fti aieoie h
line. Experime al results indicate t at the mostprcs ha et lfo uein efbiain
important fact is core electron ex itation ofpoe s sptnilfruei arcto
surface SiC, m ecules. The influenc of dopant of active ma .. ix flat panel displa

in Si etch ng was also studied using -doped. P-
doped, and doped poly-Si films, he etching Excimer las r pulses, of wavelengths 193, 248 and
rate deer ged, with ircr~asin dopant 308 nz, and L.Auences of approximate! 100 no/cmz
ccir cepntratioA. independent of conduction type, were shown to cause slight growth 0 the nati've
This chara~teristic is quite different from the oxide on a-Si:H, and XPS studies of the affect
case for, excimer laser or plasma etching, will be described. The oxide growth was sufficient
According to our reaction model this Ie ult can be
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EXCIMER LASER-AssISTED ETCHING OF SILICON

USING CHLOROPENTAFLUOROETHANE
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OUTLINE

I. OVERVIEW of EXPERIMENTS

II. DATA

* Pressure, Temperature, Orientation,

Fluence, Repetition Rate,
Doping Type and Concentration

III. SUMMARY

* Etch Rate

* Rate Limiting Mechanism

* Processing Advantages
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"I'M SYSf

ETCHANT GAS

Chioropentafluoroethane

Chemical Formula: C2ClF5

Synonyms: Freon-115, Halocarbon-115, Genetron-ll5, etc.

Typical Uses: Refrigerant, Propellant, and Chemical Intermediate

Description: Chemically Stable, Irert, Nonflammable, Relatively Nontoxic
Vapor Pressure @ 294 K =P 0  804.6 kPa

TOTAL ASSO WT1W

17" 1640 1" 2M 2100 2M as 34 23" 2kr4 3"0

SOURCE: D.E. Robbins, N'AA-CR-154106 (1986)
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Cas nSystem
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Etch iRate (Angstroms/pulse)
5.0*

4.5-
4.0-

3.5 - 0

3.00

2.5-0

2.0- 0

1.5- 000 0

1.0"
ChIoropentafluoroethane

0.5 296 K, 1.8 J/cm2, 80 Hz

0.0- 1 1
0 25 50 75 100 125

Pressure (kPa)

* P 5 6 kPa ... No Evidence of Etching

* P >_ 6 kPa ... Etch Rate increases with Pressure



7.-Etch Rate (Angst roms/pulIse)

6.0-

5.0-

4.0 -.

2.0-

1.0- Chloropentaf luoroethane
296 K, 96.7 kPa, 80 Hz

0-0

0.75 1 1.25 1.5 1.75 2
Fluence (J/cm2)

" No Etching Below Melt Fluence

" Etch Rate has Linear Dependence with Fluence within
the Melt Regime .. Consistent with 1D Thermal Model

" Ablation Threshold -2.2 3/cm 
2



P t -type (100)SL p -type (100)Si

n -type (100)Si T1i -type (100)Si

9 -

-

-08___ __

Wp)>- 6.8 ±0.3 Angstroms/pulse

<W~~n~-)>- 7.3 ± 0.3 Angstroms/pulse

" Differences in Etch Rate not Experimentally Significant

* Implies Thermally Activated Reaction, Not Field Enhanced



* No Etch Rate Dependence Between Identically Processed

(100) Si and (111) Si

* Consistent with Thermal Reaction ... Etching Occurs

During the Duration of the Melt (typically 30 to 80 nsec)



Etch Rate (Angstroms/pulse)
16.0 T

150- ChIoropentafluoroethane

140 97.5 kPa, 1.05 J/cm2, 20 Hz

13.0

12.0

11.0 -

10.0-

9.0

8.0 0

7.0 -

6.0 -
5,0 0]

4.0-

3.01 0

2.0

0 0I , I I ,

270 280 290 300 310 320 330

Temperature (K.elvin)

* Etch Rate Decreases with Increasing Temperature



Etch Rate (Angstroms/pulse)

4 r -

4.- 
....... -.. ..

3-

.... "DATA

"...........

0.00 C.02 00C4 0.06 0.08 0.10 0.12 0.14 0.163

Pressure/( Vapor Pressure @ 296 K)

" W - W(P) Consistent with B-E-T Isotherm

" Rate Limiting Mechanisms:

kdsorption

Laser Induced Desorption



Etch Rate (Angstroms/pulse)8.0-

7,0 Ohloropentaf luoroethane
296 K, 98 kPa, 0.8 J/cm2

0.0
6.0

.

5.0

1.00

4.0

3.0 0

2.0 0 0]

1.0

0,0 , I I I i i I I I

0 10 20 30 40 50 60 70 80 90 100

Repetition Rate (Hz)

* W Decreases as Rep Rate Increases

* Increased Steady-State Heating due to Increased

Laser Duty Cycle

* W Dependence Consistent with W - W(T)



SUMMARY

* W not a Function of Orientation, Doping Type or
Doping Concentration

* W is Linearly Proportional to Fluence
(-0.75 J/cm 2 < : -2.2 J/cm 2)

* W Increases with Pressure Consistent with B-E-T Adsorption

* W - W(T,Rep Rate)

* Mechanisms: Thermally Activated Etching, Rate Limited by

Adsorption and Possibly Laser Induced Desorption

PROCESSING ADVANTAGES

Etch Rates of about 5 Angstroms/pulse (at 296 K, 0 > OM
4 LT)

(15 A/pulse with sufficient cooling)

Non-Corrosive C2C1F 5 Compatible with VLSI
Materials and Processing


